The existence of isospin admixtures in the physical Λ, π o complicates the extraction of ∆I = 3 2 non-leptonic hyperon decay amplitudes from experimental data, allowing contributions associated with large ∆I = 1 2 amplitudes to appear in the (nominally) ∆I = 3 2 amplitudes obtained ignoring these admixtures. We show how to correct for this effect to leading order
in (m d − m u ) and extract the true ∆I = 3 2 amplitudes. The resulting corrections are modest (< 25%) for s-waves, but extremely large, ≃ 100% and ≃ 400% for Λ and Ξ p-waves, respectively.
In a recent paper 1 , Karl has demonstrated that the existence of Λ o − Σ o mixing produces small but non-trivial corrections to g V , g A in hyperon semi-leptonic decays. Here we investigate a analogous effects which alters the extraction of ∆I = 3 2 non-leptonic hyperon decay amplitudes from experimental data.
Recall that the physical Λ and π o are admixtures of the pure I = 0, 1 isospin states Λ o , Σ o and π 8 , π 3 , respectively (we use throughout the notation Λ, π o , η for the physical, mixedisospin states, and Λ o , Σ o , π 3 , π 8 for the pure isospin states). Since the isospin impurities are small, O(10 −2 ), we may write
(1)
To leading order in the current quark masses, adopting the phase conventions of Ref. 2 
Following Ref. 1, all numbers quoted below will be based on the value θ m ≃ 0.015.
It is immediately obvious that the isospin admixtures in Eqn. (1) invalidate the usual procedure for extracting ∆I = 3 2 contributions to amplitudes from experimental data. To illustrate, consider the case of Λ decay. The physical (s-or p-wave) amplitudes are given, in terms of the corresponding amplitudes involving only pure isospin states (which we shall henceforth call "isospin-purified" amplitudes) by
We know empirically that hyperon decay amplitudes are dominantly ∆I = 1 2 and can therefore ignore the small ∆I = 3 2 components of the Σ amplitudes in the correction terms in Eqn. (3) .
and Ω → Ξ o π 8 . The first two of these can be obtained, to good accuracy, from the physical amplitudes for Σ + → nπ + , Σ + → pπ o and Σ − → nπ − , using the ∆I = 1 2 relations of Eqn. (5) . The remaining correction amplitudes, however, are not observable, and must be obtained theoretically. We treat the s-and p-waves separately.
For the s-waves, it is well-known that a lowest order chiral SU(3) analysis provides an excellent fit to the experimental amplitudes 2,6 . We, therefore, take the desired correction amplitudes from the same analysis. In terms of the usual F , D parameters one obtains
with f π ≃ 93 MeV the π decay constant and F 2fπ = −0.92 × 10 −7 , D/F = −0.42. The resulting corrections are presented in Table 1 , where we display the experimental amplitudes, together with the corrections to be added to convert them to the corresponding isospinpurified amplitudes. Extracting, then, the true ∆I = 3 2 combinations, A Λ (3/2), A Ξ (3/2) and
where, in all cases, the first number is obtained using the uncorrected physical amplitudes and the second is the correction resulting from using, instead, the isospin-purified amplitudes.
The corrections, in this case, are modest, no more than ≃ 25%.
The situation for the p-wave amplitudes is rather different. Here, as is well-known, the leading contributions are expected to be due to baryon pole graphs produced through parityconserving (PC) weak baryon-baryon transitions. The SU(3) parametrization of these transitions obtained from the leading soft-pion analysis of the s-wave decays, however, fails miserably in accounting for the p-wave amplitudes. A reasonable fit, including now small K pole contributions, can be obtained 7,2 only by using a considerably different SU(3) parametrization. Even then the fit is not nearly as good as in the s-wave case and, although ideas exist for explaining the apparent discrepancy between s-and p-wave fit parameters 2 , the theoretical situation is not at all clear, giving us somewhat less confidence in the extraction of values for the unobservable amplitudes. In order to investigate theoretical uncertainties we will, therefore, also evaluate the p-wave correction amplitudes using the model of Ref This model actually provides a somewhat better numerical fit to the data, though at the cost of employing a K-to-π weak transition strength an order of magnitude greater than that extracted from K → ππ, which makes it appear somewhat suspect. As we will see, the resulting corrections to the extracted ∆I = 3 2 amplitudes turn out to be rather similar in the two cases, giving us improved confidence in our numerical results, despite the increased theoretical uncertainty.
We begin with the fit of Refs. 2,7. 
The K pole contributions can be obtained in terms of D A , F A and the K-to-π transition matrix element a Kπ =< π − |H weak P C |K − >, if one takes the K-to-π andK o -to-π 8 transitions elements to be given by the lowest order chiral effective Lagrangian 2,6 . Using K → ππ data 2 , and dropping again the small ∆I = 3 2 contributions, one finds a Kπ = 3.18 × 10 −3 MeV 2 , and < π o |H weak 
where the overall sign has been adjusted as in Ref.
2. The K pole terms are, in all cases, much smaller than the baryon pole terms. The resulting total amplitudes are listed in column 1
of Table 2 , the corresponding physical amplitudes (where such exist) in column 3. The 
where α = (2m N + ω)/(2m N + ω + 2δm) = 0.86 and β = (2m N + ω)/(2m N + ω + 4δM ) = 0.75. The total amplitudes are listed in column 2 of We tabulate, in Table 3 , the predicted corrections to the experimental p-wave amplitudes. 
where, as for the s-wave case, the second term in each equation represents the correction, and the first term the value extracted using the uncorrected physical amplitudes. The corrections, at least for Λ and Ξ decays, are model-independent at the 10 − 15% level. They are also very large, the ratio of corrected to uncorrected values being 4.73(5.01) for Λ → N π and 2.42 (2.21) values for Ξ → Λπ, for the models of Refs. 2,7 (8), respectively.
We conclude with a discussion of the decays Ω → Ξ − π o and Ω → Ξ o π − , which are dominated by the PC p-wave process. They are expected to have very small baryon pole contributions 9−11 , and hence be dominated by the K pole term. Neglecting the baryon leading order, we obtain
The resulting change in the extracted ∆I = 3 2 amplitude is only +5.7%. If we use, instead, the results of Ref. 11 for the baryon pole and K pole contributions, and the fact that the 10 F → 8 F × 8 F π 8 strong coupling is − √ 3 times that for π 3 , the correction term in Eqn. (14) is increased by a factor of 1.38, leading to a net change in the ∆I = 3 2 amplitude of +7.9%. In either case the correction is small. This smallness results, first, from the small coefficient in Eqn. (14) and, second, from the fact that the nominal ∆I = 1 2 to ∆I = 3 2 ratio is much smaller in this case than for other hyperon decays.
It should be noted that, in making the estimates above, we have ignored isospin-mixing due to electromagnetism (EM). It is easy to see that this is a rather good approximation.
First, the EM π 3 − π 8 mixing is known to vanish at leading order in the chiral expansion 12 , and hence will be very small. Second, using U -spin arguments, one may derive 13 , for Λ o − Σ o mixing, the generalized Coleman-Glashow relation
If one then uses the estimates of Ref. 3 for the octet baryon EM self-energies (based on the Cottingham formula), one finds δm EM Λ o Σ o = −0.09 MeV, which would alter θ b by less than 8%. Since such a shift is significantly smaller than the ≃ 20% effects one might expect beyond leading order in the quark masses, we neglect it. We have, similarly, neglected the effects of mixing between π 3 and π o , where π o is the SU(3) scalar member of the pseudoscalar nonet.
Again one can see that this is likely to be a good approximation since, for s-waves, the leading π o commutator terms vanish, while for p-waves, using the pole model picture, the K pole terms remain small and the sum of the two distinct baryon pole terms vanishes for each π o decay process as a result of the SU(3) scalar nature of the B ′ Bπ o strong couplings.
Combined with the fact that, using quark model arguments, one expects the π 3 − π o mixing angle to be ≃ 0.4θ m , such contributions to the corrections should be safely negligible. (It should be noted that an analogous treatment of particle mixing effects for the s-wave amplitudes was performed previously by de la Torre 14 . The numerical values of the corrections differ considerably from those obtained here. The origin of the difference is a very large EM contribution to Λ o − Σ o mixing (17 times that obtained from Eqn. (15)), which is 3 times as large as the mass mixing contribution and of opposite sign. This contribution is obtained using the quark model picture for the baryons, together with the SU(3) limit of one photon exchange. The resulting EM contributions, however, do not satisfy the SU (3) relation Eqn. (15) . The situation is presumably similar to that of the pseudoscalar sector where the analogous treatment, ignoring the class of photon loop graphs, fails to satisfy the known chiral constraints 15 on the pseudoscalar EM self-energies 16 , e. g., the vanishing of the π 3 EM self-energy and π 3 − π 8 EM mixing.)
In conclusion, we have demonstrated that corrections due to Λ o − Σ o and π 3 − π 8 mixing are required in order to extract the true ∆I = 3 2 transition amplitudes from experimental data on hyperon non-leptonic decays. The corrections are modest, though non-trivial, for s-waves amplitudes, and extremely large, though somewhat model-dependent, for p-wave amplitudes. It is to the corrected values, and not those usually extracted, that any attempts to model the ∆I = 3 2 amplitudes must be compared. a All entries in units of 10 −7 . Models 1,2 are as described in Table 2 . To obtain, e. g.
B(Λ o → nπ 3 ), one adds the entry of column 2(or 3) to that of column 1 for the corresponding physical process Λ → nπ o .
